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(57) Abst^ct 

PROBLEM TO BE SOLVED: To provide an exposure 
system, etc., that performs stabler exposure. 

SOLUTION: . The exposure system measures temperature 
data from a temperature sensor 33 attached to each 
section of the system. In order to control temperature 
vwtiiin an allowable range, the system transmits a 
temperature signal to a controller 31 from a temperature 
monitor 35. When an abrupt temperature change occurs 
in each section of the system, an alarm 39 gives an 
alarm and the controller 31 controls to retum the 
temperature in each section to a normal temperature by 
reducing the temperature gradient in an abnormal section 
to. a prescribed value or lower. Altematively, the 
controller 31 calibrates the exposure system. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention mainly relates to the exposure method used 
for lithography, such as a semiconductor integrated circuit. Moreover, it is related with the device 
manufacture method of performing a lithography process using such an exposure method. 

[0002] 

[Description of the Prior Art] In order to enable further small line breadth-ization of a semiconductor 
integrated circuit pattem in recent years, development of the high reduction projection type charged-particle 
line aligner of a throughput is performed, such an aligner ~ electromagnetism — the electron lens using the 
coil etc., deflecting system, SUTIGU meter, etc. are used electromagnetism — as for a coil, a property 
changes with own generation of heat of a coil or extemal temperature change Consequently, a bad influence 
may attain to the image formation property and image-position control precision of an electron optics 
system. Moreover, expansion and deformation arise by the temperature change in the component of an 
aligner, and a bad influence may attain to pattem precision. Therefore, temperature management of an 
aligner poses an important problem. 

[0003] In order to perform temperature management of an aligner, a highly efficient temperature controller 
and a highly efficient mechanism are developed. However, since a limitation is in the responsibility and the 
controllability of equipment, it is impossible to control temperature constantly in a very high precision as a 
matter of fact. Moreover, it is impossible to make deformation of each part of equipment by temperature 
change into zero. ^ 
[0004] this invention is made in view of such a problem, and aims at offering the aligner, the exposure 
method, and the device manufacture method of performing exposure stabilized more. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it is the aligner 
of this invention. It is the aligner which imprints a pattem on an induction substrate. Means which always 
carries out the monitor of the temperature of each part of equipment Control section which a temperature 
signal is inputted fi-om this means and controls the operational status of each part of an aligner It has. When 
the inclination of the temperature by which the monitor was carried out exceeds the set point, it is 
characterized by performing one or more [ following ]. 

(1) Perform the calibration of (3) equipment which stops (2) exposxu-e operation which performs alarm 
operation to an operator. 

[0006] Since change of the temperature gradient of each part of an ahgner is sensed and an aligner can be 
controlled according to the size of the change, a temperature change can be coped with quickly and exposure 
stabilized more can be performed. 

[0007] In the above-mentioned aligner It is desirable to provide an operator with the information on the 
temperature which carried out [ aforementioned ] the monitor on real time. Thereby, an operator tends to 
check the temperature state of an aligner and it can respond to a rapid temperature change promptly. 
[0008] The exposure method of this invention When a pattem is imprinted on an induction substrate The 
monitor of the temperature of each part of an aligner is always carried out. In response to the input of this 
temperature signal that carried out the monitor, the operational status of each part of an aligner is controlled. 
When the inclination of the temperature by which the monitor was carried out exceeds the set point, it is 
characterized by performing one or more [ following ]., 

(1) Perform the calibration of (3) equipment which stops (2) exposure operation which performs alarm 
operation to an operator. 

[0009] The device manufacture method of this invention is characterized by including the lithography 



process using the aforementioned exposure method. 
[0010] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing. First, electron ray projection 
dew of a division imprint method 

[001 1] Drawing 2 is drawing showing the outhne of the image formation relation to the whole optical 
system of the electron ray projection aligner of a division imprint method, and a control system. The 
electron gun 1 arranged in the style of [ of optical system ] the best is tumed caudad, and emits an electron 
ray. Under the electron gun 1, it has two steps of condensing lenses 2 and 3, and it is completed by these 
condensing lenses 2 and 3, and an electron ray carries out image formation of crossover CO. to the blanking 
opening 7. 

[0012] The bottom of the second step of condensing lens 3 is equipped with the rectangle opening 4. This 
rectangle opening (lighting beam fabrication opening) 4 passes only the lighting beam which illuminates one 
subfield (pattem smallness field used as one vuiit of exposure) of a reticle (mask) 10. Image formation of the 
image of this opening 4 is carried out to a reticle 10 with a lens 9. 

[0013] The blanking deflecting system 5 is arranged under the beam fabrication opening 4. This deflecting 
system 5 deflects a lighting beam at the time of the need, and hits against non-opening of the blanking 
opening 7, and it is made for a beam not to hit a reticle 10. The lighting beam deflection machine 8 is 
arranged under the blanking opening 7. This deflecting system 8 mainly scans a lighting beam sequentially 
in the longitudinal direction (the direction of X) of drawing 2 , and illuminates each subfield of the reticle 10 
in the visual field of lighting optical system. The lighting lens 9 is arranged under the deflecting system 8. 
The lighting lens 9 carries out image formation of the beam fabrication opening 4 on a reticle 10. 
[0014] In fact, the reticle 10 has spread in the optical-axis vertical plane (X-Y side), and has many subfields. 
On the reticle 10, the pattem (chip pattem) which makes the semiconductor-device chip of a piece as a 
whole is formed. Of coiu-se, you may divide and arrange the pattem which makes one semiconductor-device 
chip to two or more reticles. The reticle 10 is laid on the reticle stage 1 1 which can move, and can illuminate 
each subfield on the reticle which spreads in the latus range rather than the visual field of lighting optical 
system by moving a reticle 10 to an optical-axis perpendicular direction (the XY direction). The position 
transducer 12 which used the laser interferometer is attached to the reticle stage 1 1, and the position of a 
reticle stage 1 1 can be correctly grasped on real time. 

[0015] Under the reticle 10, the projection lenses 15 and 19 and deflecting system 16 are formed. Image 
formation of the electron ray which passed one subfield of a reticle 10 is carried out to the position on a 
wafer 23 by the projection lenses 15 and 19 and deflecting system 16. The suitable resist is applied on the 
wafer 23, the dose of an electron ray is given to a resist, the pattem on a reticle is reduced, and it imprints on 
a wafer 23. 

[0016] Crossover CO. is formed in the point which divides interiorly between a reticle 10 and wafers 23 by 
the reduction percentage ratio, and the contrast opening 18 is formed in this crossover position. This opening 
18 is intercepted so that the electron ray scattered about in the non-pattem section of a reticle 10 may not 
reach a wafer 23. 

[0017] The reflection-electron detector 22 is arranged right above [ of a wafer 23 ]. This reflection-electron 
detector 22 detects the amount of the electron reflected by the mark on the exposed field of a wafer 23, or a 
stage. For example, the relative location of reticles 10 and 23 can be known by scanning the mark on a wafer 
23 with the beam which passed the mark pattem on a reticle 10, and detecting the reflection electron fi-om 
the mark in that case. 

[0018] The wafer 23 is laid on the wafer stage 24 movable in the XY direction through the electrostatic 
chuck (not shown). Each part in the chip pattem which spreads exceeding the visual field of a projection 
optical system can be exposed one by one by carrying out the synchronous scan of the above-mentioned 
reticle stage 1 1 and the wafer stage 24 in the reverse direction mutually. In addition, the wafer stage 24 is 
also equipped with the same position transducer 25 as the above-mentioned reticle stage 1 1 . 
[0019] Each above-mentioned lenses 2, 3, 9, 15, and 19 and each deflecting system 5, 8, and 16 are 
controlled by the controller 31 through the coil power control sections 2a, 3a, 9a, 15a, and 19a, and each 5a, 
8a and 16a. Moreover, a reticle stage 1 1 and the wafer stage 24 are also controlled by the controller 31 
through the stage control sections 11a and 24a. The stage position transducers 12 and 25 send a signal to a 
controller 31 through the interfaces 12a and 25a containing amplifier, an A/D converter, etc. Moreover, the 
reflection-electron detector 22 also sends a signal to a controller 3 1 through same interface 22a. 
[0020] A controller 3 1 grasps the control error of a stage position, and amends the error with the image- 
position adjustment deflecting system 16. Thereby, the reduction image of the subfield on a reticle 10 is 
correctly imprinted by the target position on a wafer 23. And each subfield image is made to ***** on a 



wafer 23, and the whole chip pattern on a reticle is imprinted on a wafer. 

[0021] In this aligner, the temperature sensors 33, such as a platinum resistor, are attached to an electron gim 
1, lenses 2, 3, 9, 15, and 19, deflecting system 5 and 16, a stage 11, and 24 grades, the electromagnetism 
which constitutes a lens if the place in which a temperature sensor is attached is a lens — you may attach in a 
coil directly and may attach in a magnetic-circuit yoke Moreover, if it is an electron gun 1, the thermometer 
for heater control of an electron gun can be diverted. 

[0022] Each temperature sensor 33 is connected to the temperature monitoring device 35, and the 
temperature of each part of an aligner is always measured. The allowable temperature of each point of 
measurement can be set to the temperatxire monitoring device 35, The display 37 is connected to the 
temperature monitoring device 35. The measured temperature data are displayed on real time by the display 
37, and an operator can check them. The method of presentation of temperature data can display temperature 
numerically, or it can also carry out graphical representation with data and desired value which were 
measured in the past. The alarm 39 and the controller 31 are connected to the temperature monitoring device 
35. When the big temperature gradient has been sensed, the alarm of an alarm 39 is soimded. Furthermore, 
from the temperature monitoring device 35, a temperature signal is transmitted to a controller 31 so that it 
may return to the temperature gradient below predetermined. 

[0023] Then, the exposure method conceming the gestalt of operation of this invention is explained. 
Drawing 1 is a flow chart which shows the exposure method conceming the gestalt of operation of this 
invention. As shown in drawing 1 , temperature data are first measured from the temperatiu-e sensor 33 by 
which the temperature monitoring device 35 was attached in each part of an aligner (Step 21). temperature 
data display on a display 37 — having (Step 23) — in order to control temperature in tolerance, a temperature 
signal is transmitted to a controller 31 from the temperature monitoring device 35 if needed (Step 25) 
Usually, this step is repeated, and it exposes, keeping temperature constant. Although it changes with places, 
if the temperature allowed value of each part of an aligner is a projection system lens, for example, it is 
about 23**0.1 degrees C. 

[0024] a temperature change (for example, 0.04 degrees C/(s)) rapid to one part of the aligners ~ being 
generated (Step 31) ~ the alarm of an alarm 39 sounds (Step 33) and an operator is told about abnormalities 
The controller 3 1 which the operator coped with it or received the temperature signal from the temperature 
monitoring device 35 makes the temperature gradient of the unusual section below predetermined, and it 
controls to return the temperature of each part to normal (Step 35). It returns to Step 21 again, the monitor of 
the temperature data is carried out, and the existence of abnormalities is checked. It exposes stopping an 
alarm, retximing to the loop of the usual steps 21 and 23, and keeping temperature constant, if abnormalities 
are lost. 

[0025] In management of Step 35, when a temperature change is not settled, for example, a temperature 
change 0.08 degrees C [/s ] or more arises fiirther (Step 41), an alarm which is different in Step 33 sounds 
from an alarm 39 (Step 43). And according to the temperature signal from the temperature monitoring 
device 35, a controller 31 performs the calibration of an aligner (Step 45). As a calibration, the scan of the 
beam which passed along the mark pattern on a reticle 10 is specifically carried out on the mark on a wafer 
23, and the beam gap between reticle- wafers is amended. Or a focus, reduction percentage, etc. of a beam 
are amended. Furthermore, the temperature of each part of an aligner is controlled in tolerance. It exposes 
stopping an alarm, returning to the loop of the usual steps 21 and 23, and keeping temperature constant, if 
abnormalities are lost. 

[0026] In management of Step 45, when a temperature change is not settled, for example, a temperature 
change 0.1 degrees C [/s ] or more arises further (Step 51), an alarm which is different in Step 43 sounds 
from an alarm 39 (Step 53). In this case, the temperature monitoring device 35 transmits a temperature 
signal to a controller 31, and stops exposure (Step 55). Specifically, stages 1 1 and 24 are stopped and the 
blanking of the beam is carried out. And it memorizes to the data log that the chip which was being exposed 
at this time is unusual (Step 57). Then, a calibration etc. is performed and the state which can be exposed is 
restored (Step 59). The following chip or exposure of a wafer is performed stopping em alarm, retuming to 
the loop of the usual steps 21 and 23, and keeping temperature constant, if abnormalities are lost. 
[0027] Next, the example of the device manufacture method of having used the electron ray imprint aligner 
which gave [ above-mentioned ] explanation is explained. Drawing 3 shows the flow of manufacture of 
minute devices (semiconductor chips, such as IC and LSI, a liquid crystal panel, CCD, the thin fihn 
magnetic head, micro machine, etc.). 

[0028] The circuit design of a semiconductor device is performed at Step 1 (circuit design). The mask in 
which the designed circuit pattem was formed is manufactured at Step 2 (mask manufacture). At this time, 
you may amend beam dotage by the proximity effect or the space charge effect by resizing locally about a 



pattern. On the other hand, at Step 3 (wafer manufacture), a wafer is manufactured using material, such as 
silicon. 

[0029] The front face of a wafer is oxidized at Step 4 (oxidization). An insulator layer is formed in a wafer 
front face at Step 5 (CVD). At Step 6 (electrode formation), an electrode is formed by vacuum evaporationo 
on a wafer. Ion is driven into a wafer at Step 7 (ion implantation). A sensitization agent is applied to a wafer 
at Step 8 (resist processing). At Step 9 (electron beam exposure), printing exposure of the circuit pattern of a 
mask is carried out with electron beam imprint equipment at a wafer using the mask made from Step 2. An 
above-mentioned aligner is used in that case. At Step 10 (optical exposure), printing exposure of the circuit 
partem of a mask is carried out by the optical stepper at a wafer using the mask for optical exposure 
similarly made from Step 2. Behind, this front stirrup may perform proximity-effect-correction exposure 
which equalizes the back scattering electron of an electron beam. 

[0030] The exposed wafer is developed at Step 1 1 (development). At Step 12 (etching), portions other than a 
resist image are shaved off alternatively. The resist which etching ended and became imnecessary is 
removed at Step 13 (resist ablation). By carrying out by repeating Step 13 from Step 4, a circuit pattem is 
formed on a wafer multiplex. 

[0031] Step 14 (assembly) is called back process, is a process semiconductor-chip-ized using the wafer 
produced by the upper process, and includes processes, such as an assembly process (dicing, bonding) and a 
packaging process (chip enclosure). At Step 15 (inspection), the check test of the semiconductor device 
produced at Step 14 of operation, an endurance test, etc. are inspected. A semiconductor device is completed 
through such a process and this is shipped (Step 16). 

[0032] Although the exposure method concerning the gestalt of operation of this invention etc. was 
explained referring to drawing 1 - drawing 3 above, this invention is not limited to this and can add various 
change. 
[0033] 

[Effect of the Invention] According to this invention, exposure stabilized more can be performed so that 
clearly from the above explanation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Aligner characterized by performing one or more [ following ] when it has the means which is the 
aligner which imprints a pattem and always carries out the monitor of the temperature of each part of 
equipment on an induction substrate, and the control section which a temperature signal is inputted from this 
means and controls the operational status of each part of an aligner and the inclination of the temperature by 
which the monitor was carried out exceeds the set point; 

(1) Perform the calibration of (3) equipment which stops (2) exposure operation which performs alarm 
operation to an operator. 

[Claim 2] The aligner according to claim 1 characterized by providing an operator with the information on 
the temperature which carried out [ aforementioned ] the monitor on real time. 

[Claim 3] The exposure method which controls the operational status of each part of an aligner in response 
to the input of the temperature signal which always carried out the monitor of the temperature of each part 
of an aligner, and carried out this monitor when imprinting a pattem on an induction substrate, and is 
characterized by performing one or more [ following ] when the inclination of the temperature by which the 
monitor was carried out exceeds the set point; 

(1) Perform the calibration of (3) equipment which stops (2) exposure operation which performs alarm 
operation to an operator. 

[Claim 4] The device manufacture method characterized by including the lithography process using the 
exposure method according to claim 3. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart which shows the exposure method concerning the gestalt of operation of this 
invention. 

[Drawing 2] It is drawing showing the outline of the image formation relation to the whole optical system of 

the electron ray projection aligner of a division imprint method, and a control system. 

[Drawing 3] The flow of manufacture of minute devices (semiconductor chips, such as IC and LSI, a liquid 

crystal panel, CCD, the thin film magnetic head, micro machine, etc.) is shown. 

[Description of Notations] 

I Electron Gun 2 Three Condensing Lens 

4 Lighting Beam Fabrication Opening 5 Blanking Deflecting System 
7 Blanking Opening 8 Lighting Beam Deflection Machine 
9 Condensing Lens 10 Reticle (Mask) 

II Reticle Stage 12 Reticle-Stage Position Transducer 

15 1st Projection Lens 16 Image-Position Adjustment Deflecting System 

18 Contrast Opening 19 2nd Projection Lens 

22 Reflection-Electron Detector 23 Wafer 

24 Wafer Stage 25 Wafer Stage Position Transducer 

31 Controller 33 Temperature Sensor 

35 Temperature Monitoring Device 37 Display 

39 Alarm 
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